Pilocytic astrocytomas are WHO grade I gliomas that occur predominantly in childhood. They share features of both astroglial and oligodendroglial lineages. These tumours affect preferentially the cerebellum (benign clinical course) and the optic pathway, especially the hypothalamo-chiasmatic region (poor prognosis). Understanding the molecular basis responsible for the aggressive behaviour of hypothalamo-chiasmatic pilocytic astrocytomas is a prerequisite to setting up new molecular targeted therapies. We used the microarray technique to compare the transcriptional profiles of five hypothalamo-chiasmatic and six cerebellar pilocytic astrocytomas. Validation of the microarray results and comparison of the tumours with normal developing tissue was done by quantitative real-time PCR and immunohistochemistry. Results demonstrate that cerebellar and hypothalamochiasmatic pilocytic astrocytomas are two genetically distinct and topography-dependent entities. Numerous genes upregulated in hypothalamo-chiasmatic pilocytic astrocytomas also increased in the developing chiasm, suggesting that developmental genes mirror the cell of origin whereas migrative, adhesive and proliferative genes reflect infiltrative properties of these tumours. Of particular interest, NOTCH2, a gene expressed in radial glia and involved in gliomagenesis, was upregulated in hypothalamo-chiasmatic pilocytic astrocytomas. In order to find progenitor cells that could give rise to hypothalamo-chiasmatic pilocytic astrocytomas, we performed a morphological study of the hypothalamo-chiasmatic region and identified, in the floor of the third ventricle, a unique population of vimentin-and glial fibrillary acidic protein-positive cells highly suggestive of radial glia cells. Therefore, pilocytic astrocytomas of the hypothalamo-chiasmatic region should be considered as a distinct entity which probably originates from a unique population of cells with radial glia phenotype.
Introduction
Pilocytic astrocytomas (PA) are WHO grade I brain tumours that occur predominantly in childhood and display benign behaviour (Louis et al., 2007) . These tumours arise preferentially in the cerebellum and the optic pathway, especially the hypothalamochiasmatic (H/C) region. Despite pathological similarities, their prognosis is different: cerebellar tumours are well-circumscribed and total surgical excision is the rule, whereas H/C PA exhibit a worse prognosis (Fernandez et al., 2003) . They are usually partially removed and may received post-operative treatment which is usually poorly successful. Consequently, the treatment of PA of the optic pathway still remains a major therapeutic challenge.
Some studies have used the microarray technique to characterize the molecular profile of PA but the tumours analysed were generally located in the cerebellum, or their location was not mentioned. Other studies have compared PA and infiltrative gliomas to identify molecular markers of the infiltrative properties of high-grade gliomas (Rickman et al., 2001; Gutmann et al., 2002; Hunter et al., 2002; Huang et al., 2005; Colin and Baeza et al., 2006; Rorive et al., 2006) , but most have provided little information about the genetic events associated with PA. Other studies compared PA to normal white matter or normal human astrocytes and revealed that cell cycle control, adhesion and migration related genes were dysregulated, in accordance with their neoplasic behaviour (Gutmann et al., 2002; Huang et al., 2005; Sharma et al., 2006) . More interestingly, Wong et al. (2005) compared the gene expression profiles of PA versus samples of normal cerebellum adjacent to the resected tumour and found that genes involved in neurogenesis, cell adhesion and central nervous system development were dysregulated in PA. Furthermore, hierarchical clustering analysis identified two subgroups of PA that may represent tumours with different potential for progression.
Recently, Sharma et al. (2007) identified two subgroups of PA according to their location, each group having a specific gene signature common to this type of tumour and normal astrocytes or neural stem cells from the same region. They hypothesized that the molecular signature reflects the developmental origin of PA from non-malignant progenitors of specific brain location. However, they did not focus on H/C PA; and only one case of H/C PA was pooled with hemispheric tumours.
A careful study of the cell populations present in the H/C region during human development is required to identify the local progenitor cell from which H/C PA might arise. Previous studies on murine optic pathways showed that the H/C region contains radial glia cells which allow the guidance of retinal ganglion cell axons (Mason et al., 1997) . In chicken, oligodendrocytes of the optic pathway derive from oligodendrocyte-type-2-astrocyte (O2A) progenitor cells that originate from a restricted area located on the floor of the third ventricle just above the optic chiasm, migrate distally into the optic nerve and then differentiate into multipolar oligodendrocytes (Small et al., 1987; Ono et al., 1997) . However, such cell populations have not been described in human.
Our study addresses three main issues: (i) the identification of a gene expression signature that distinguishes H/C PA from cerebellar PA; (ii) the analysis of the expression of some specific genes and protein products upregulated in H/C PA in the developing human chiasm and cerebellum by real-time quantitative PCR (RT-Q-PCR) and immunohistochemistry to demonstrate that PA share the same molecular signature with their brain region origin; and (iii) the identification of a restricted area containing cells with features of radial glia in developing human optic chiasm from which H/C PA may originate.
Material and Methods

Human samples
After informed consent, 31 PA were obtained from patients operated on at our hospital (see details in Table 1 ). When possible, tissues were split into two parts; one was frozen in isopentane and cooled by liquidnitrogen and the other fixed in 10% formalin and embedded in paraffin. Histological analysis of the paraffin-embedded samples confirmed the diagnosis of PA (WHO grade I) and identified one pilomyxoid variant among the H/C tumours (WHO grade II, Louis et al., 2007) . Histological review of the frozen samples confirmed Because of the size of some specimens, it was not possible to perform all techniques on each sample.
RNA extraction
Total RNA extraction was performed from frozen tissues using the acid guanidinium isothiocyanate/phenol/chloroform procedure (Chomczynski and Sacchi, 1987) , and analysed on both Nanodrop ND-1000 and Agilent 2100 bioanalyser (Agilent Technologies, Massy, France). Only samples with 28s/18s ratio 41.8 for microarrays, and 41.5 for RT-Q-PCR and no evidence of ribosomal degradation was kept for further analyses. Before use, RNA samples were treated with 1 U ribonuclease-free deoxyribonuclease (Promega, Charbonniè res, France) at 37
C for 1 h.
DNA microarrays
Five H/C PA and six cerebellar PA were analysed. There was no patient with neurofibromatosis 1. First strand cDNA was synthesized using a T7-linked oligo-dT primer, followed by second strand synthesis. Labelled cRNA probes were then generated by reverse transcription followed by in vitro transcription, incorporating biotin labelling, as part of the standard Affymetrix protocol. For each sample, the probes were then hybridized to human genome U133plus chips (Affymetrix Inc., Santa Clara, CA, USA) containing over 54 675 qualifiers corresponding to genes and expressed sequence tags (EST). After hybridization, the probes were scanned using a laser scanner, and signal intensity for each transcript was determined using GCos Software (Affymetrix). Data analysis was performed with the Resolver Sofware (Rosetta software version 5.0) after importing the Affymetrix data file (cell file containing unprocessed intensity values) for each scan. The scans were converted into profiles within the software by application of the Affymetrix-specific error model which generates several statistical parametric: for details consult Resolver documentation under: http://www.rosetabio.com/tech/Data_processing_and_ analysis_methods.pdf. Qualifiers (25870 out of 54675) were present with a P value 510
À4
in at least one sample. One thousand seven hundred ninety-two qualifiers were differentially expressed when using an ANOVA with Bonferroni correction for multiple tests with a P value of 10
. After transcript annotation using Refseq and ENSEMBL as reference database 196 genes were downregulated and 689 genes were upregulated in H/C PA versus cerebellar PA. We chose to focus on genes significantly modulated with a fold change 43 (111 up and 293 down). Biological processes in which these genes are implicated were determined using the gene Ontology GO, http://www.geneontology.org/ and genes were classified on the basis of the general function in which they are implicated.
Real-time quantitative PCR
Three out of five H/C PA and five out of six cerebellar PA used in the cDNA microarray experiment were processed for RT-Q-PCR experiment. In addition, an independent data set included two H/C PA and two cerebellar PA. RT-Q-PCR conditions and data analysis were performed as previously described (Laurie et al., 2007 
Immunohistochemistry
Two out of five H/C PA and four out of six cerebellar PA, used in the cDNA microarray experiments were processed for immunohistochemistry. In addition, an independent data set included three H/C PA, 13 cerebellar PA, five foetal optic chiasm, five foetal cerebellum, and two post-natal chiasm and cerebellum (from one infant aged of 18-months-old and one aged of 4-years-old). After steam-heat-induced antigen retrival, 5 mm sections of formalin-fixed paraffin-embedded samples were tested for the presence of PTEN (1/1000, mouse IgG, Santa Cruz Biotechnology, CA, USA), CDK5 (1/1000, rabbit IgG, Santa Cruz Biotechnology), SIX6 (1/1000, Goat IgG, Santa Cruz Biotechnology), NOTCH2 (1/500, rabbit IgG, Santa Cruz Biotechnology) and LHX2 (1/100, rabbit IgG, Chemicon International, Saint-Quentin en Yvelines, France). An avidin-biotin enzyme complex kit (Vector ABC kit, Vector Laboratories, Burlingame, CA, USA) was used for detection.
To validate a significant differential expression between H/C PA and cerebellar PA, immunohistochemistry expression of PTEN, CDK5, SIX6, NOTCH2 and LHX2 was analysed using the Image Analysis software (SAMBA Technologies IPS32, Meylan, Grenoble, France). The percentage of labelled surface was obtained from three sections for each patient and then averaged. Statistical analysis was performed with Mann-Whitney U test using a NCSS 2005 (Kaysville, UT, USA) program to determine the statistical significance of the immunohistochemical results. Values were reported as means AE SE.
Morphological and immunohistochemical analysis of the human H/C region
Seventeen entire brains were obtained from 11 foetuses [aged of 12, 18, 19, 20, 21 (two cases), 22, 26, 29, 32 and 39 weeks of gestation], five children [aged of 1, 3, 6 and 11 (two cases) months] and 1 adult (61 years). No cerebral abnormalities were diagnosed in these cases. The entire brain was formalin-fixed during 7 days to 3 months depending on brain size. The H/C region was isolated, cut in the plane of the optic pathway and then paraffin-embedded. Serial sections were stained for haematoxylin eosin and immunostaining with the following antibodies: glial fibrillary acid protein (GFAP, 1/2000, rabbit IgG, Dako, Trappes, France), vimentin (1/200, mouse IgG, Beckman Immunotec), OLIG2 (OLIG2-biotin 1/600, goat IgG, R&D systems, Lille, France) and follow by a biotin-anti-goat (1/100, Vector Laboratories), SOX10 (1/25, mouse IgG, kindly provided by Dr. Anderson, CA, USA), NKX2.2 (1/800, mouse IgG, kindly provided by G. Rougon, IBDML, Marseille, France) and NeuN (1/400, mouse IgG, Chemicon International). An avidin-biotin enzyme complex kit (Vector ABC kit, Vector Laboratories) was used for detection of NKX2.2 and SOX10, and the detection of GFAP, vimentin, OLIG2 and NeuN was performed using the Benchmark XT automate (Ventana Medical Systems SA, Illrich, France).
Results
Unsupervised hierarchical clustering distinguishes H/C PA from cerebellar PA Unsupervised hierarchical clustering demonstrated that H/C PA form a group distinct from cerebellar PA. These two tumours are clearly molecularly different. A specific molecular signature was found for each PA location (Fig. 1 ).
Proliferation and migration-related genes are upregulated in H/C PA
We identified 474 genes that significantly differentiate H/C PA from cerebellar PA (P value = 10 À4 , fold change 53). Genes (349) were overexpressed in H/C PA versus cerebellar PA and 125 were downregulated in H/C PA versus cerebellar PA. The genes were functionally categorized into several subgroups on the basis of their known inferred biological function (Table 2) . Several genes could be implicated in more than one category.
Of the 349 genes, 36 encoded proteins involved in adhesion, migration and angiogenesis, 37 in cell cycle control and 11 in apoptosis control. Twenty-seven genes played a major role during brain development. These results suggest that dysregulation of mechanisms controlling adhesion, migration, cell cycle progression and reactivation of developmental events should play a role in both tumourigenesis and aggressive behaviour of H/C PA.
Microarray experiments validated by RT-Q-PCR and immunohistochemistry
Confirmation of the microarray results was performed either by RT-Q-PCR or by immunolabelling when antibody was available and validated, and always included additional independent cases. RT-Q-PCR analysis were performed for three genes with high differential expression on microarrays analysis, interesting function or because implicated in a previous study (Sharma et al., 2007) . Overexpression of LHX2 (P = 0.045) and SIX6 (P = 0.008) in H/C PA on genechip was confirmed by RT-Q-PCR ( Fig. 2A) . Overexpression, however, was not detected for AXL1 gene by RT-Q-PCR. This discrepancy could be explained by the fact that only two H/C PA samples were analysed by both microarray experiments and RT-Q-PCR.
We also analysed by immunohistochemistry the expression of SIX6 and LHX2 as well as the additional proteins NOTCH2, CDK5 and PTEN. Quantification of protein labelling showed in H/C PA compared to cerebellar PA an increase of 2-fold (P = 0.005), 1.75-fold (P50.001), 1.3-fold (P = 0.2, not significant), 2.5-fold (P50.001) and 4-fold (P50.001) for respectively PTEN, CDK5, LHX2, NOTCH2 and SIX6 ( Fig. 2B and C ).
Developing and tumoural tissues from the same brain region share a common gene expression pattern
To better understand the distinct signature observed between H/C PA and cerebellar PA, we hypothesized that it could be related to their brain location. The expression of the selected molecules was thus analysed by RT-Q-PCR and immunohistochemistry in normal foetal optic chiasm and cerebellum. By RT-Q-PCR, the normal foetal chiasm displayed a statistically significant higher mRNA level of LHX2 (P = 0.014) and SIX6 (P = 0.008) as compared to the normal foetal cerebellum (Fig. 3A) . The immunohistochemical analysis showed that in the cerebellum, immunostaining for LHX2 was almost negative. It showed some positive cells in the molecular layer within the cerebellar cortex and the dentate nucleus (Fig. 3B) , and rare and scattered positive cells in the white matter (data not shown). No significant staining was obtained in the cerebellum for SIX6 (Fig. 3B) . On the contrary, in the foetal optic chiasm, most nuclei stained for LHX2 and SIX6 (Fig. 3B) . We concluded that the molecular differences observed between developing optic chiasm and cerebellum paralleled the differences observed between H/C PA and cerebellar PA. Unfortunately, we could not compare PA with developing brains by DNA microarrays because RNA extracted from autopsic brain foetuses did not meet the quality criteria required for use for microarray experiments. Immunohistochemistry results show that CDK5, NOTCH2 and PTEN were not expressed in normal cerebellum and chiasm (data not shown), suggesting that their expression in PA reflects tumourogenesis and not brain region origin.
Identification of a specific radial glia in the human developing optic chiasm
As the H/C region has not previously been studied during human development, we decided to perform a morphological and immunohistochemical study of the H/C region before comparing H/C PA with the developing optic chiasm at the protein level, with the aim of identifying the cell population from which PA might originate. Eleven foetuses, five children and one adult were studied. Antibodies directed against the following proteins were used: vimentin (radial glia cells), GFAP (astrocytes), OLIG2, SOX10 and NKX2.2 (glial precursor cells) and NeuN (neurons).
In foetuses, serial haematoxylin eosin sections of the developing optic chiasm revealed a discrete condensation of cells resembling oligodendrocytes below the ependymal layer of the third ventricle. Labelling for vimentin of the same region revealed between 19 and 32 weeks of gestation the presence of elongated cells Genes overexpressed in H/C PA (roman characters); genes overexpressed in cerebellar PA (italic characters). We noticed that several genes can have two main functions.
presenting processes radially projecting from the wall of the third ventricle to the optic nerve (Fig. 4A, B and I ). These processes were GFAP-positive whereas the surrounding brain parenchyma, except the optic nerve, was not ( Fig. 4C and J) . The elongated morphology and the immunohistochemical pattern of the cells were highly suggestive of radial glia cells (Dupouey et al., 1985) . We were unable to detect these elongated vimentin-positive cells before 19 weeks of gestation.
In accordance with the presence of OPC (oligodendrocyte precursor cells) and mature oligodendrocytes in the optic pathway, around 30-50% of cells of the H/C region expressed markers of the oligodendroglial lineage in foetus ( Fig. 4D and E) .
As described above, expression of LHX2 by immunohistochemistry was detectable in the optic chiasm (Fig. 4G) ; moreover, numerous positive cells were discerned within the area containing the radial glial processes (Fig. 4K) . SIX6 immunostaining gave similar results to LHX2 but with weaker intensity (Fig. 4H and L) .
Persistence of vimentin-positive astrocyte-like cells in the mature hypothalamo-chiasmatic region
In children and adult, the radial processes projecting from the wall of the third ventricle to the optic chiasm were absent but in all and SIX6 in the developing cerebellum and optic chiasm (22 weeks of gestation). In the foetal cerebellum, immunostaining for LHX2 was almost negative, restricted to some positive cells in the deepness of the molecular layer in the cerebellar cortex and in the dentate nucleus. Immunostaining for SIX6 was entirely negative throughout the cerebellum. In the foetal optic chiasm, a significant staining of most nuclei was obtained with the two antibodies, even if LHX2 was expressed with higher intensity than SIX6. Scale bar: B: 50.7 mm.
cases there persisted just above the optic chiasm a highly restricted population of elongated cells reminiscent of radial glial cells (Fig. 5) . These cells were GFAP-positive ( Fig. 5E and J) , arguing in favour of their astrocytic nature, but they also expressed vimentin ( Fig. 5C and H) , a radial glia marker, whereas the surrounding nervous tissue was entirely negative for vimentin ( Fig. 5B and G) . As expected, no positive cell was seen for the neuronal marker NeuN in any optic pathway sample tested (data not shown).
No post-natal case exhibited immunostaining for LHX2, and only weak staining of chiasmatic oligodendrocytes was obtained for SIX6 (data not shown). However, immunostaining for LHX2 and SIX6 must be analysed with circumspection owing to extended fixation time.
We thus identified a unique population of vimentin and GFAPpositive cells in the mature H/C region reminiscent of radial glia cells and we hypothesized that these cells might correspond to a remnant of radial glia cells that have matured into astrocyte-like cells, as described in rodents (Merkle et al., 2004) . In this study, we identified by microarray experiments a gene expression signature that distinguishes H/C PA from cerebellar PA suggesting that those two tumours are two distinctive entities. Therefore, the aggressive clinical behaviour of H/C PA in comparison to cerebellar PA not only results from the impossibility of performing total surgical excision, but also on intrinsic genetic differences. In keeping with our results, other studies have shown that PA can be separated in different tumour subgroups according to their gene expression profile (Wong et al., 2005; Sharma et al., 2007) . Although some report differences between infra and supratentorial PA (Sharma et al., 2007) , none has determined a specific molecular profile that distinguishes H/C PA from other PA, probably because of the high heterogeneity of the tumour analysed regarding their site and neurofibromatosis 1 association. Even if NF1-associated PA represents a large subset of PA, we chose not to include these patients in our study to avoid to pointing out differences linked to the NF1 status instead of the tumour location, and to be able to study a group of patients that would be as homogeneous as possible. In our study, hierarchical clustering perfectly separated H/C PA from cerebellar PA. Figure 5 The H/C region after birth (A-E: 11-month-old child, F-J: adult). A and F: Macroscopic views of the optic chiasm; arrows show the specific area more accurately visualized in microscopic views. After birth, a highly restricted population of vimentin positive cells persisted just above the optic chiasm whereas the surrounding nervous tissue was negative for vimentin (B and G) . In this area, the cells were elongated (D and I), and demonstrated fine vimentin (C and H) and GFAP positive processes (E and J) highly reminiscent of radial glial cells. HE: haematoxylin eosin, Vim: vimentin. Scale bar: A, F: 1 cm; B: 500.4 mm; C-E: 50.4 mm; G: 1 mm; H-J: 150.4 mm.
We noticed that the pilomyxoid astrocytoma correctly clustered with the other H/C tumours, in keeping with the fact that pilomyxoid astrocytoma is a more aggressive variant of PA (WHO grade II) rather than a separate entity (Louis et al., 2007) .
Migrative, adhesive and proliferative genes reflect infiltrative properties of H/C PA whereas developmental genes mirror cell of origin
Comparison of the genetic profiles of H/C PA versus cerebellar PA allowed us to focus on genes specifically implicated in PA formation in relation with their brain region origin and to define the molecular basis sustaining prognosis differences. Most of the genes upregulated in H/C PA are known to be critical for brain development such as LHX2, SIX6 and NOTCH2 (Porter et al., 1997; Irvin et al., 2001; Conte et al., 2005) . Moreover, we showed that LHX2 and SIX6, two major genes involved in optic nerve development (Porter et al., 1997; Zuber et al., 2003) highly expressed in H/C PA are also expressed in foetal optic chiasm versus foetal cerebellum. Careful histological analysis ruled out the occurrence of non-neoplastic elements in H/C PA, so the resemblance between PA and normal developing tissue did not reflect the presence of entrapped normal cells but mirror the cell of origin. Although Sharma et al. (2007) also reported higher LHX2 mRNA expression in supratentorial PA in comparison to cerebellar PA, the difference in expression between the two groups was less obvious than in our study, probably because of heterogeneity in the location of the supratentorial PA studied.
Besides, H/C PA also differs from cerebellar PA in the upregulation of many genes involved in migration and angiogenesis (such as PTEN), and cell cycle control (including CDK5), in keeping with their biological properties. H/C PA shows a propensity to infiltrate the whole optic pathway and demonstrates higher mitotic activity or proliferation index than cerebellar PA, especially the pilomyxoid variant (Louis et al., 2007) . Some of these genes are interesting therapeutic targets.
Finally, we have observed that NOTCH2 was upregulated in H/C PA. Previous studies have shown that the NOTCH pathway promotes gliogenesis during development but is also required to maintain glial function in adult (Carson et al., 2006) . Moreover, NOTCH2 in the post-natal brain negatively correlates with glial differentiation and maintains astrocytes in an intermediate differentiation stage (Tanaka et al., 1999) . These astrocytes coexpress vimentin and GFAP, a common feature of radial glial cells in the developing brain and Mü ller glia, olfactory ensheating glia, Bergman glia (Rodriguez et al., 2008) in adult brain. In addition to its role in neuronal migration, radial glia also functions as neuronal progenitor (Gaiano and Fishell, 2002) . We have also reported in H/C PA an upregulation of IQGAP1, a gene expressed by nestin-positive amplifying neural progenitors in rat brain (Balenci et al., 2006) . Moreover, SOX2, a neural stem cell marker (Episkopou, 2005) was increased 1.5-fold on average in H/C PA when compared to cerebellar PA. Taken together, these results suggest that H/C PA have features of progenitor cells especially radial glial cells.
The radial glia hypothesis reconcile PA with its morphology and immunophenotype It appears likely that PA partially reproduces the molecular mechanism underlying normal development but it remains unclear whether it derives from astrocyte or oligodendrocyte progenitor cells. Firstly, it is composed of both bipolar cells with Rosenthal fibres and oligodendrocyte-like cells (Louis et al., 2007) . Secondly, it is well-known that PA expresses GFAP and vimentin (Chikai et al., 2004; Colin et al., 2007) and results from previous studies suggest an astrocytic origin (Gutman et al., 2002; Sharma et al., 2007) . But there is also growing evidence that PA shares some phenotypical markers with OPC (Landry et al., 1997; FigarellaBranger et al., 1999; Gutmann et al., 2002; Wong et al., 2005; Colin et al., 2007) .
For the first time we identified in human a thin radial glia extending bilaterally from the floor of the third ventricle to the optic nerve, at the same location as the radial glia described in the murine H/C region (Mason et al., 1997) . This location also corresponds to the OPC rich region from which oligodendrocytes of the optic pathway arise in chicken (Ono et al., 1997) . In children and adults, we identified just above the optic chiasm a discrete population of GFAP-positive cells that retain immunoreactivity for the radial glia marker vimentin. These results suggest that the glial progenitors of the optic pathway may originate from this peculiar radial glia, and the cells we described after birth are likely astrocyte-like stem cells. Their elongated morphology as well as their immunophenotype is highly reminiscent of PA tumour cells (Colin et al., 2006) . So H/C PA may arise from remnants of peculiar radial glia cells or astrocyte-like adult stem cells that produce tumour cells with both oligodendroglial and astroglial properties. It is of interest that the main site of PA development is the cerebellum, where radial glia cells play a major role in granular cell precursor migration and persist in adulthood in the form of Bergman glia. Interestingly, previous studies comparing gene expression profile of PA and mature cerebellum have reported in PA an upregulation of SEMA3E, SEMA5A and DYPSL3, three genes encoding axonal guidance molecules (Wong et al., 2005) . In addition, after suppression subtractive hybridization analysis comparing cerebellar PA and GBM transcriptoma, we identified an upregulation of genes involved in developmental processes in PA, including SOX8 and DNER (Delta/Notch-like EGF-related receptor) (Colin et al., 2006) . In developing cerebellum, SOX8 is expressed in immature glial cells (Cheng et al., 2001) and DNER signalling regulates Bergmann glia development (Eiraku et al., 2005) . Therefore, PA of the H/C region but also cerebellar PA share with radial glial cells the expression of genes involved in glial and neuronal precursor guidance. Whether cerebellar PA arise from Bergman glia or other cerebellar stem cells remains however to be demonstrated. We noticed that Taylor et al. (2005) identified restricted populations of radial glia cells as candidates as ependymomas stem cells. So the role of radial glia cells in tumourigenesis should probably be considered more extensively and requires additional investigation.
